Abstract. This paper presents new data on concentration factors (CFs: concentration kg -1 biota/concentration l -1 seawater) for several marine species-radionuclide pairs, in three regions: coastal waters of Ireland, eastern Irish Sea and coastal waters of Norway. The CFs were estimated using data from long-term monitoring programmes, obtained for radiological protection purposes. The practical constraints of using such data sources are discussed. CFs were obtained for a range of fin fish, crustaceans, molluscs and brown seaweed, for one or more of the following radionuclides:
INTRODUCTION
Concentration factors (CFs) are a convenient way of describing the distribution of a radionuclide between an organism and the surrounding water (CFs: concentration kg -1 biota/concentration l -1 seawater). CFs are used to simulate the behaviour of radionuclides in transport and radiological assessment models, and generic values have been recommended [1, 2] for use when site-specific data are unavailable. In the calculation it is assumed that the system is in equilibrium, which in practice may be difficult to demonstrate. For radiological purposes the edible fraction is most often used -the internal concentration can vary considerably between different organs. Despite the general acceptance of CFs as useful tools, there have been relatively few studies in recent years designed to obtain reliable values. This became evident during the revision of the IAEA recommendations [2] .
Discharges of radionuclides to the coastal waters of NW Europe have taken place since the early 1950s. This led to the establishment of national programmes to monitor radionuclide concentrations in the main marine compartments, with particular emphasis on the human food chain. Inevitably, the greatest focus was on the Irish Sea and adjoining waters, due to releases from the BNFL Sellafield reprocessing plant on the coast of NW England. The region was subject to relatively high direct discharges in the mid-to late-1970s, leading to significant contamination of the seabed sediments [3, 4] and widespread contamination of the waters of the NE Atlantic [5, 6] . Throughout this period there were developments in waste treatment and other operations on site, with consequent changes in the discharge pattern. Most recently, in the mid-1990s, the introduction of the Enhanced Actinide Removal Plant (EARP) led to both further reductions (e.g.
239,240
Pu) and significant increases (e.g. of radionuclides discharged [7] . However, from the mid-1980s the seabed sediments have become a more important source of 137 Cs and plutonium to the water column, and hence to the biota, as a result of remobilisation [8] . It is possible that the bioavailability of remobilised radionuclides will differ from that of direct releases, as a result of chemical and physical changes in the radionuclide associations.
The data used were obtained as part of routine national monitoring programmes in the UK, Ireland and Norway [9, 10, 11] , conducted for radiological assessment and compliance purposes. They represent a variety of sites and species, and in most cases the series were discontinuous. The challenge was to identify the optimum combination of temporal spread, sampling frequency, location, range of species, seawater data and determinands. The data had not been collected for the purpose of calculating CFs and had to be used with caution to ensure we were comparing 'like with like'. Generally the edible fraction was analysed. The aim of the present study was to see whether concentration data collected for radiological monitoring purposes was suitable for deriving CDs, and whether such a study would reveal patterns of regional or temporal variability, which might imply changes in the degree of bioavailability.
RESULTS AND DISCUSSION

Geographical variations
Coastal waters of the UK (eastern Irish Sea)
Despite several tens of thousands of available measurements, from the early 1960s to the present, there were surprisingly few data sets, which provided consistent sampling protocols for the purposes of estimating reliable CFs. The main limitation was on the availability of contemporaneous water measurements. Also, the high concentration gradients near the source, time-varying release rates and mobility of some fish species make it difficult to argue that equilibrium conditions have been achieved. Three species were selected as representative of the main human food-chain pathways: edible crab -crustacean Cancer pagurus; plaice -fin fish Pleuronectes platessa; winkle -mollusc Littorina littorea), with 4 radionuclides which were either of current or historic concern ( 99 Tc, 137 Cs, 239.240 Pu, 241 Am). Samples were collected from 3 sites and the data were combined: Sellafield, Chapelcross (SW Scotland) and Wylfa (NW Wales). CFs are presented in Table 1 , together with the corresponding most recent IAEA recommendations [2] -the latter are non-species-specific, and the explanatory footnotes should be consulted where appropriate. Cs) only annual averaged data were readily available. In these instances the CFs calculated were assigned a nominal date of July 1 st of the year in question. The CFs showed considerable variation but there was no statistically-significant difference between values from the north-east, nearest the source, and those in more remote locations. 
Coastal waters of Norway
There have been a several studies of 99 Tc uptake in the lobster (Homarus gammarus), as result of the EARP releases and the relatively high bioavailability, which led to relatively high 99 Tc concentrations. CFs were obtained for a number of biota/sea water samples collected at coastal stations in the southern part of Norway. It was observed that CFs for 99 Tc in female lobsters was significantly higher than for males, confirming the findings from the Irish Sea of Swift and Nicholson [12] . In the latter study the authors reported considerable variability in concentration, despite trying to control for size, gender and location, and commented on alternative sampling protocols. This is likely to mask more subtle temporal trends in bioavailability. Tc CFs in H. gammarus, given the high bioavailability and potential dose consequences, but this was prevented by a lack of contemporaneous seawater data from the Irish Sea.
Temporal variations
Irish Sea
An attempt was made to compile a long time-series of a range of biota-radionuclide pairs using data from the Irish Sea and UK and Irish coastal waters influenced by the BNFL Sellafield discharges. The objective was to test whether there were significant changes in the observed CFs, which might indicate a change in the degree of bioavailability with time. The relative quantities of radionuclides discharged have varied significantly over the period of the site's operation, with consequent changes in the observed environmental concentrations. Following the considerable decreases in direct discharges in the 1980s, the seabed sediments have been a greater source of caesium and plutonium into the overlying water column due to remobilisation. As a result, the decreases in radionuclide concentrations in seawater and biota have been lower than the decrease in the discharge rate. In addition there have been changes in the operations performed on the site, with the potential to alter the chemical form of the radionuclides in the discharge.
The CFs estimated for the 12 radionuclide-biota pairs from the eastern Irish Sea showed considerable variability. However, there appeared to be a significant correlation for 137 Cs in crab and winkles, i.e. the CF increased in the 1960-2000 sampling period (Figure 1 ). CFs compiled from time-series starting in the early 1980s for the western Irish Sea (Irish coastal waters) were also studied. For nephrops, winkles and Fucus, there were no statistically-significant, time-dependent changes in the biota-radionuclide pairs studied ( 
Norwegian coastal waters
The time-series of 99 Tc in lobster from Norwegian waters was rather shorter than for the Irish Sea, instigated as a result of the EARP releases. The mean CF did not vary during the sampling period but the gender difference was persistent and the additional sampling revealed the extent of the variability (Figure 2 ).
CONCLUSION
It was possible to make secondary use of radiological monitoring data, of radionuclide concentrations in seawater and biota, to estimate CFs. However, in many cases inconsistencies in sampling protocols over periods of several decades did limit the utility of the data, particularly the lack of contemporaneous seawater concentrations. Differences in the priorities of national programmes meant that regional comparisons were very limited. Where they were possible then no differences were observed. Am -C. pagarus, P. platessa. This demonstrates the continuing importance of obtaining site-specific and species-specific data, particularly in situations leading to significant human exposure.
